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Abstract  
To evaluate the efficacy of neurobehavioural rehabilitation (NbR) programmes, services 
should employ valid, reliable assessment tools; the ability to detect change on repeated 
assessment is a particular requirement. The United Kingdom Rehabilitation Outcomes 
Collaborative (UKROC) requires neurorehabilitation services to collect data using a 
standardised basket of measures, but the responsiveness and usefulness of using these in the 
context of NbR remains unknown. Anonymous data collected at two assessments for 123 
people was examined using multiple methods to determine responsiveness of four outcome 
measures routinely used in NbR (HoNOS-ABI, FIM+FAM UK, MPAI-4, SASNOS). 
Predictive validity of two measures of rehabilitation complexity (RCS-E, SRS) regarding the 
extent of difference scores on these outcome measures at reassessment was also determined. 
All four outcome measures demonstrated responsiveness, with higher levels for SASNOS and 
MPAI-4 when only participants categorised as “most likely to change” at first assessment 
were analysed. Predictive validity of the RCS-E and SRS in estimating the extent of change 
was variable. SRS was only predictive of improvement on the MPAI-4 whilst RCS-E was not 
predictive at all. Recommendations are made regarding ideal characteristics of NbR outcome 
measures, along with the need to develop measures of rehabilitation complexity specifically 
conceptualised for these programmes. 
 
Key Words: Neurobehavioural Rehabilitation; Acquired Brain Injury; Outcome 
Measurement; Assessment Tools; Rehabilitation Complexity; Responsiveness  
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Neurobehavioural disability (NBD) is the product of interactions between damaged neural 
systems, neurocognitive impairment and premorbid personality traits, exacerbated by post-
injury learning and environmental influences (Alderman, Wood, & Williams, 2011).  
Behaviour disorders associated with NBD are enduring (Kelly, Brown, Todd, & Kremer, 
2008), impose serious constraints on psychosocial recovery (Alderman & Wood, 2013; 
Kreutzer, Marwitz, Seel, & Serio, 1996), and create severe difficulties for families (Tam, 
McKay, Sloan, & Ponsford, 2015; Winkler, Unsworth, & Sloan, 2006).  Fortunately, whilst 
traditional psychiatric or diagnostic approaches do not readily inform interventions after 
acquired brain injury (ABI), there is now a good evidence base demonstrating the efficacy of 
neurobehavioural rehabilitation (NbR; Alderman & Wood, 2013; Oddy & Ramos, 2013; 
Wood, McCrea, Wood, & Merriman, 1999; Worthington, Matthews, Melia, & Oddy, 2006; 
Ylvisaker et al., 2007).  
 
NbR incorporates constructs, theories and procedures from cognitive, behavioural and social 
psychology to promote the acquisition and use of functional and social skills to reduce social 
handicap after ABI (Wood, 1990a, 1990b). Personal autonomy is maximised, and learning is 
enabled by promoting spontaneous application of new skills at every suitable opportunity. In 
addition, NbR also has a range of specific skills that distinguish it from other forms of 
medical rehabilitation (see Worthington & Alderman, 2017); two of which are especially 
relevant here. First, as the primary goals of NbR are psychosocial and rely on learning 
methods to counter less adaptive behaviour driven by neurocognitive impairment, NbR 
services are typically led by clinical neuropsychologists. Second, whilst rehabilitation is 
traditionally delivered by interdisciplinary or multidisciplinary teams, a transdisciplinary 
team (TDT) approach is favoured in NbR. To optimise delivery to address the complex, 
heterogeneous needs of people with ABI, input is provided by multiple disciplines working 
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together to establish a 24/7 approach to rehabilitation. Roles are shared across disciplinary 
boundaries, facilitating communication, interaction and cooperation, with members 
committed to teach, learn and work together to implement coordinated services. 
Consequently, TDT working allows the development of a mutual vision or “shared meaning”, 
resulting in a process of: (1) shared assessment and goal selection; (2) pooling of skills, 
knowledge and expertise, and (3) role release, where the entire TDT team implements 
interventions under the supervision of members whose disciplines are normally accountable 
for those practices (King et al., 2009). Thus, all team members are responsible for the 
attainment of rehabilitation goals via delivery of a consistent treatment program, which is not 
“session bound”. The ultimate goal is to help socially functional behaviours to become 
established as habit, increasing the likelihood that such behaviours generalise to other 
environments and improve potential for social independence.   
 
Given these unique characteristics, the net results of NbR include the creation and 
maintenance of a positive therapeutic milieu, where an enriched environment promotes 
constructive engagement with programme participants, mediates realistic expectations about 
what can be achieved, undermines neurocognitive determinants of challenging behaviour, 
achieves good outcomes, and represents a paradigm shift from a medical to a 
neuropsychological basis to rehabilitation. Indeed, following the introduction of the first 
specialist unit in 1979, NbR services in the UK have now evolved to provide several hundred 
beds for people with ABI and NBD through multiple care pathways.  
 
Determining outcomes from NbR is a requirement that fulfils a range of needs, including 
demonstrating individual change, service level effectiveness, benchmarking, and research 
(see Alderman & Knight, 2017; Alderman, 2003). To achieve this, services routinely 
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complete standardised “global” measures for all rehabilitation participants (Turner-Stokes, 
Williams, et al., 2012), and in the case of ABI, services also typically utilise a basket of 
outcome and other measures that reflect their speciality (Skinner & Turner-Stokes, 2006). In 
each instance, measures should be psychometrically sound, conceptualised specifically for 
ABI, relevant to the stage of recovery the service caters for, and integrated seamlessly into 
the clinical fabric of the service (see Alderman & Knight, 2017). Inevitably though, measures 
invariably and necessarily, differ across services.   
 
However, services can also be compelled by an external agency (e.g. regulator, 
commissioning body) to measure efficacy via outcome measures that lack relevance, leading 
to dissonance between the service provider and agency regarding what is important, relevant, 
and how to measure it (Alderman & Knight, 2017). For example, the UK Rehabilitation 
Outcomes Collaborative (UKROC) database (Turner-Stokes, Williams, Bill, Bassett, & 
Sephton, 2016) currently requires all specialist neurorehabilitation services in England to 
administer a fixed basket of prescribed measures to elucidate the “black box of 
rehabilitation”, by providing information about case complexity, inputs required to meet this, 
and outcomes achieved. Outputs from UKROC are then used to categorise services by the 
complexity of cases they admit, creating a complexity-weighted tariff for rehabilitation beds 
using a multi-level payment model (Turner-Stokes et al., 2016). Whilst there undoubtedly is 
merit in such an approach, several concerns have been raised concerning the adequacy of the 
UKROC approach for services delivering NbR.  
 
First, even though valid, reliable, and responsive global measures of NBD and challenging 
behaviour exist (see Alderman, Williams, Knight, & Wood, 2017; Alderman et al., 2011; 
Wood, Alderman, & Williams, 2008), such measures are not captured in the UKROC dataset. 
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Consequently, the risk is that NbR services may not be correctly classified as specialist 
services, with outcomes achieved not properly captured in the data collected. Second, owing 
to the TDT approach and psychological model of rehabilitation inherent to NbR, therapy is 
delivered in this context whenever there is an opportunity to do so, and clinical inputs are 
made by the whole team, not just by the primary discipline involved in overseeing an aspect 
of care. As instruments included in the UKROC database (e.g. Rehabilitation Complexity 
Scale-Extended version [RCS-E]; Turner-Stokes, Scott, Williams, & Siegert, 2012; 
Northwick Park Nursing Dependency Scale [NPNDS]; Turner-Stokes et al., 1998; Northwick 
Park Care Needs Assessment [NPCNA]; Turner-Stokes, Nyein, & Halliwell, 1999) are 
aligned to rehabilitation services underpinned by traditional medical models, their use is not 
appropriate when clinical inputs are delivered in other ways. In other words, attempting to 
capture clinical inputs in NbR using UKROC instruments arguably parallels “fitting a square 
peg into a round hole”. As an approach, it is neither valid nor reliable.  
 
The net consequence of such limitations is apprehension amongst providers that they will be 
disadvantaged (financial or otherwise), undermining their ability to sustain and deliver 
effective NbR programmes to address the needs of those presenting with NBD. Such unease 
is shared by many, including member services of the Independent Neurorehabilitation 
Providers Alliance (INPA; https://www.in-pa.org.uk/) which provide the majority 
(approximately 70%) of specialist neurorehabilitation services for people with chronic 
conditions in the UK, with the National Health Service (NHS) being the chief consumer. In 
light of this, the overarching goal of the study was to explore what measures could most 
usefully enable transparency for NbR services, and to determine the extent that measures 
used in neurorehabilitation services organised and delivered using a medical model can be 
usefully employed in services underpinned by a neuropsychological approach to 
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rehabilitation. Specifically, we sought to: (a) examine whether four outcome measures 
routinely used in NbR have the psychometric properties (e.g. convergent and divergent 
validity) to effectively measure expected change in symptoms of NBD over time (e.g. 
responsiveness), and (b) determine the extent that change in ratings on two measures of 
rehabilitation complexity (including supervision needs) on reassessment predict change in 
status on outcome measures. A number of measures were explored to enable comparison of 
UKROC endorsed measures versus others that have special relevance to NbR.  
 
Method 
Participants  
An anonymised database containing outcomes for 299 participants with ABI and in receipt of 
NbR was compiled by 14 member services of INPA. However, 176 participants were 
subsequently removed for the following reasons: missing age of admission or time since 
injury data (n = 112); < 18 years of age (n = 6); extreme values for time since injury (> 25 
years) on admission (n = 5); not receiving NbR at time of audit (n = 23), and did not have 
data for at least one measure at both Time 1 (initial assessment - T1) and Time 2 
(reassessment - T2; n = 30).  
 
The final database comprised anonymised data for 123 participants of whom 78.86% (n = 97) 
were male.  The majority of participants (n = 81; 65.85%) were admitted for NbR within 12 
months of injury, and mean age on admission was 43.93 years (range = 18-79 years, SD = 
15.32, Median = 48.0 years). Mean time since injury was 37.23 months (range = 0-252 
months, SD = 69.19, Median = 5.0 years) and length of stay from admission to T1 was 
available for 75 participants (M = 24.69 weeks, SD = 15.16, Median = 23.0 weeks, range = 1-
61 weeks). Causes of injury are detailed in Table 1.  
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<TABLE 1 ABOUT HERE> 
 
Measures 
Mayo-Portland Adaptability Inventory – 4 (MPAI-4; Malec & Lezak, 2008): Recently added 
to the UKROC dataset (Turner-Stokes, 2016), the MPAI-4 was designed to assist in the 
clinical evaluation of individuals during the post-acute period following ABI. It consists of 29 
core items rated on a 5-point scale, where zero represents no limitations and four represents a 
severe problem interfering with activity more than 75% of the time. Core items reflect 
common physical, cognitive, emotional, behavioural and social impairments and/or disability 
associated with ABI, reflecting the World Health Organisation (WHO) distinctions between 
Impairment, Activity, and Participation. Self- and proxy-completed versions are available, 
and items are groups into three subscales: Ability (e.g. mobility, motor speech), Adjustment 
(e.g. anxiety, inappropriate social interaction), and Participation (social contact, self-care). 
Although not included in total scale scores, six additional items capture pre-existing and 
associated conditions. Raw scores are converted to T-Scores with a mean of 50 and standard 
deviation of 10, with higher scores indicative of more severe problems. Reference data can be 
drawn from either a “National” or “Mayo” sample, as appropriate (Malec & Lezak, 2008), 
and prior studies have demonstrated satisfactory levels of internal consistency, as well as 
good levels of construct, concurrent, and predictive validity (Malec et al., 2003; Tate, 2010).  
 
Functional Independence Measure and Functional Assessment Measure UK – 2.2 
(FIM+FAM; Turner-Stokes, Nyein, Turner-Stokes, & Gatehouse, 1999): Designed to provide 
a global index of disability, the UK FIM+FAM consists of 30 items evaluated on a 7-point 
ordinal scale, ranging from totally dependent (1) to completely independent (7), with higher 
total scores indicative of less disability. Items are organised across six subscales (nine self-
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care; seven transfers and mobility; five communication; four psychosocial, five cognition), 
although items tend to load onto two main factors: Motor (16 items, score range 16-112), and 
Cognitive (14 items, score range 14–98; Nayar, Vanderstay, Siegert, & Turner-Stokes, 2016; 
Turner-Stokes & Siegert, 2013). For this reason, only Total, Motor and Cognitive scores are 
utilised in the current study. In addition, a separate 6-item “Extended Activities of Daily 
Living” scale can be used (EADL; e.g. meal preparation, housework). The FIM+FAM has 
been part of the UKROC dataset since its inception and has robust psychometric properties 
(see Tate, 2010, pp. 440–441; Turner-Stokes & Siegert, 2013; Nayar et al., 2016). Moderate 
levels of responsiveness have also been reported in samples of patients undergoing specialist 
rehabilitation following stroke (Nayar et al., 2016) and in general inpatient 
neurorehabilitation populations (Turner-Stokes & Siegert, 2013). 
 
Health of the Nation Outcome Scale – ABI (HoNOS-ABI; Fleminger et al., 2005): 
Representing an adaptation of the original Health of the Nation Outcomes Scale, the HoNOS-
ABI was developed to assess the neuropsychiatric sequalae of ABI. Twelve items from four 
domains (behavioural, impairment, symptoms and social) are rated on a zero (“no problem”) 
to four (“severe/very severe problem”) point scale. Total scores range from 0-48, with higher 
scores indicating more severe problems. Psychometric data is somewhat limited, but adequate 
levels of criterion validity (Coetzer & du Toit, 2001) and inter-rater reliability (Fleminger et 
al., 2005) have been demonstrated. 
 
St Andrews-Swansea Neurobehavioural Outcome Scale (SASNOS; Alderman et al., 2011): 
The SASNOS (self- and proxy-completed versions) was created specifically for use in ABI 
using a conceptual framework underpinned by the WHO International Classification of 
Functioning, Disability and Health. It consists of 49 items that capture five major domains of 
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NBD (Interpersonal Relationships, Cognition, Aggression, Inhibition and Communication), 
each with two- to three subdomains. Each item consists of a statement regarding a feature of 
NBD whose perceived prevalence is rated using a 7-point scale (“never” to “always”). Using 
normative data from a moderately sized sample of neurologically healthy controls as a 
reference group, ratings are transformed to standard scores with a mean of 50 and standard 
deviation of 10; higher scores reflect greater perception of ability and fewer symptoms of 
NBD. The SASNOS has robust psychometric properties (inter-rater and test-retest reliability; 
content construct, convergent, divergent, and discriminant validity, responsiveness; Alderman 
et al., 2017, 2011), and a supplementary scoring system overcoming difficulties in conveying 
the impact of context-dependent support (Alderman, Williams, & Wood, 2018). 
 
Rehabilitation Complexity Scale – Extended (RCS-E; Turner-Stokes, Scott, et al., 2012): A 
straightforward measure of the complexity of rehabilitation needs and interventions, and part 
of the UKROC database. Items load onto five subscales (Care/Risk; Nursing; Therapy; 
Medical; Equipment/Facilities), with items rated on three- to five-point scales (total score 
range 0-20). As the RCS-E is completed by clinicians every two weeks, only assessment 
scores resulting from T1 and T2 were considered in the current analysis. Moderate levels of 
internal consistency and discriminant validity have been found, with clinicians also reporting 
favourably on utility, content and face value (Turner-Stokes, Williams, & Siegert, 2012). 
Scores on previous iterations of the measure (i.e. RCS version 2) have also been shown to 
provide a moderately responsive profile of rehabilitation interventions delivered in a tertiary 
post-acute rehabilitation service for younger adults with severe complex neurological 
disabilities (Turner-Stokes, Williams, & Siegert, 2010).  
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Supervision Rating Scale (SRS; Boake, 1996): The SRS is an observer rated tool to measure 
the level of supervision an individual receives from caregivers. Level of supervision is rated 
on a 13-point ordinal scale that can be optionally grouped into five ranked categories: 
independent; overnight supervision; part-time supervision; full-time indirect supervision, and 
full-time direct supervision. Ratings should reflect supervision received at the time of the 
assessment rather than predicted needs, and thus the cumulative impact of an individual’s 
impairment and in turn, financial costs to the person being rated, caregivers, and funders. 
SRS is reported to show good-to-excellent inter-rater reliability concurrent and discriminant 
validity (see Tate, 2010, pp. 588-590), and can detect change beyond measurement error in 
the context of post-acute rehabilitation (Reed et al., 1999). 
 
Procedure 
This study retrospectively examined anonymised data from a basket of outcome measures 
and two measures of rehabilitation complexity routinely administered by member services of 
INPA to fulfil contractual, clinical, and other requirements. Participating member services 
were asked to consider contributing cases which had been evaluated twice, with both test (T1) 
and re-test (T2) assessments completed on any of the measures pertaining to this study. In 
addition, for any cases submitted, services were asked to provide standard demographic and 
injury related characteristics (e.g. gender, age on admission, cause of injury). Services were 
not required to implement measures they were not already using, only to consider submitting 
previously collected data that might inform study objectives. For this reason, the INPA 
Research and Outcomes Group (who oversaw the project) determined that the work 
constituted service evaluation (see: http://www.hqip.org.uk/guide-for-clinical-audit-research-
and-service-review/). All participating services signed a service level agreement outlining the 
aims of the project, method, anticipated dissemination of outputs, and governance parameters 
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for the work. The latter included assurances that: (a) neither service users nor services would 
be identifiable in the final dataset; (b) data would be stored on encrypted, password protected 
computers and only made available to specified members of the group with responsibility for 
data analysis, and (c) data would only be used for the purposes for which it was obtained.  
 
Statistical Analysis 
All Analyses were undertaken using SPSS 22.0 and Medcalc. With the exception of the 
SASNOS and MPAI-4, variables were not normally distributed. However, as attempts to 
normalise distributions can cloud subsequent interpretation (Feng et al., 2014), 
transformations to normalise data were not conducted. Instead, both parametric and non-
parametric statistical tests were employed as appropriate. Use of parametric procedures was 
additionally justified through acknowledgement in the literature that the Likert type scales 
comprising the instruments investigated here comprises a level of measurement that falls 
between ordinal and interval, and that value, range and variability of data increases when 
indexes are derived from summing ratings across multiple items in the form of total and 
subscale scores (see Allen & Seaman, 2007; Warner, 2018). 
 
Validity was explored by determining the strength of linear associations between the various 
measures using Spearman’s rho correlations, interpreted using criteria proposed by Cohen 
(1988) where correlation coefficients between .10 and .29 represent a small/weak association, 
.30 to .49 medium, and .50-1.0 large/strong. These cut-offs have been deemed to be 
appropriate, if not conservative, for use in psychological research (Hemphill, 2003). 
Responsiveness was explored via two methods: (1) paired t-tests or Wilcoxon Signed Ranks 
to compare measures of central tendency at T1 vs. T2, and (2) measures of effect size (ES). 
Originally proposed by Cohen (1988), ES is routinely used to investigate responsiveness in 
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clinical and repeated measures contexts. Most relevant here is the standardised response 
mean (SRM), a version of ES applicable within groups where change scores for the same 
individuals at T1–T2 are of interest. ES is independent of sample size and overcomes many of 
the difficulties associated with interpreting statistical significance between measures of 
central tendency. For example, high significance levels can be found despite relatively small 
differences between means. Consequently, it is too great an assumption to infer statistical 
change equates to meaningful change to relevant stakeholders and results cannot be applied 
to the level of the individual rehabilitation participant (Alderman et al., 2017). Additionally, 
statistical significance implies there is a difference in scores on the same measure, which in 
this context is assumed to be attributable to NbR. However, statistical significance does not 
say anything about the size or magnitude of the difference, or in turn, the relative ability of a 
tool to measure change in symptoms of NBD over time; a key objective of the study.  
 
In contrast, the magnitude of the effect can be determined with ES by applying cut-off 
thresholds:  < .20 “trivial”; ≥ .20 to < .50 “small”; ≥ .50 to < .80 “medium”; ≥ .80 “large” ES 
(Cohen, 1988). However, Middel and van Sonderen (2002) noted that the strength of the 
correlation between T1 and T2 varies between samples in repeated measures designs, 
potentially leading to an over or underestimation of classification of the size of effects. 
Instead, they suggested applying an additional calculation to calibrate thresholds according to 
the size of the T1–T2 correlation, and Norman and collegaues (2003) recommended that a 
“medium” ES corresponds to clinically meaningful change when using SRM as a proxy 
measure of minimally important change (see Alderman et al., 2017, p.3). That is, the 
difference between test scores needed to indicate meaningful and practical change. 
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Regarded as an appropriate measure of an instrument’s predictive validity (Snowden & Gray, 
2010), ROC analysis was used to determine the predictive validity of the SRS and RCS-E.  
ROC produces a plot of the proportion of correct predictions against the proportion of “false 
alarms”, utilising a binary outcome measure. In this case, a T1-T2 difference on any of the 
four outcome measures resulting in the classification of a participant as “same/declined” 
versus “improved” (determined when the SRM for an individual participant met or exceeded 
the “medium” ES threshold). ROC is quantified by calculating the area under the curve 
(AUC) and is interpreted as the probability that a randomly selected participant from the 
“improved” pool will have a lower score on the SRS and RCS-E than an individual selected 
at random from the “same/declined”. An AUC of 0.50 indicates accuracy is equal to chance, 
with a minimum AUC of 0.70 conventionally considered the minimum value necessary for an 
instrument to have good predictive validity. 
 
However, a limitation of ROC is that it predicts yes/no relationships from dichotomous data, 
yet both predictors in the current study (RCS-E and SRS) are incremental. Therefore, 
stepwise regression analysis was also undertaken to determine the best prediction models 
using SRS and RCS-E. That is, regression analyses were used to enable the magnitude of 
difference scores on the outcome measures to be evaluated using more sensitive measures of 
complexity of rehabilitation needs through an incremental representation of data from these 
measures. However, this analysis was restricted to measures that were normally distributed 
(i.e. MPAI-4 and SASNOS) and to Total Scores.   
 
Results 
Responsiveness of Measures 
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MPAI-4: scores decreased significantly from T1 to T2, suggesting a reduction in impairment 
following NbR (Table 2). SRM scores for Total, Adjustment and Participation attained the 
ES medium threshold associated with meaningful improvement.  
 
<TABLE 2 ABOUT HERE> 
 
A number of significant correlations were found between T1 and T2 MPAI-4 scores and 
principal summary scores from the other outcome measures, with the strength of correlations 
typically stronger at T2. However, only small significant negative correlations were found 
between Adjustment, FIM+FAM and EADL scores at T1, with no significant correlations at 
T2.  Correlations between MPAI-4, RCS-E and SRS scores were variable, with the majority 
not significant at T1. However, these increased in size at T2, were in the predicted direction, 
and achieved statistical significance (Table 3).  
 
<TABLE 3 ABOUT HERE> 
 
St. Andrews-Swansea Neurobehavioural Outcome Scale: Mean SASNOS Total and domain 
scores all increased from T1 to T2. However, statistically significant differences were only 
found for Total, Interpersonal Relationships, Inhibition and Cognition scores, and magnitude 
of effect size varied across SASNOS domains. Specifically, a large and medium ES was 
found for Cognition and Interpersonal Relationships respectively, but none of the remaining 
domains achieved SRMs associated with meaningful improvement (Table 2). 
  
SASNOS Total, Interpersonal Relationships and Cognition domain scores correlated 
significantly with all other outcome measures (Table 4). However, correlations with the 
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remaining three SASNOS domains were more variable. For example, significant correlations 
(small–large) were found for Aggression, whilst Communication domain scores did not 
significantly correlate with either FIM+FAM, EADL, or MPAI-4 scores at T1. A similar 
pattern of results was observed at T2, although correlations with EADL scores were generally 
weaker. In comparison to the MPAI-4 (Table 3), there were stronger correlations on the 
whole between SASNOS and measures of case complexity at both T1 and T2. However, no 
significant correlation was observed between Inhibition and Communication domain scores 
and RCS-E at T1 (Table 4).    
  
<TABLE 4 ABOUT HERE> 
 
FIM+FAM UK (including EADL): Measures of central tendency significantly increased from 
T1 to T2, suggesting significantly greater autonomy at T2. However, only the Cognitive and 
EADL subscales achieved the medium ES threshold (Table 5).  
 
<TABLE 5 ABOUT HERE> 
 
Significant correlations were also found at T1 and T2 between FIM+FAM and principal scores 
on other measures, and whilst typically stronger at T2, these were all in the expected direction. 
The majority of correlations between FIM+FAM, SRS and RCS-E scores at T1 and T2 were 
also significant. However, at T1, no significant correlation was found between the motor 
subscale of the FIM+FAM and SRS, and the significant correlation between Total FIM+FAM 
and SRS was small (Table 6).  
 
<TABLE 6 ABOUT HERE> 
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HoNOS – ABI: Measures of central tendency decreased significantly from T1 to T2, 
suggesting some remediation in neuropsychiatric difficulties. ES also reached the medium 
threshold to indicate meaningful improvement (Table 5).  
 
At both T1 and T2, large significant correlations were found between HoNOS-ABI and 
principal scores on other measures, and all were in the expected direction. Small significant 
positive correlations were also found between the HoNOS-ABI and both measures of 
rehabilitation complexity at T1, with the strength of correlations improving at T2 (Table 7).    
 
<TABLE 7 ABOUT HERE> 
 
Rehabilitation Complexity Scale – Extended: Despite only a small reduction in mean scores 
(range = 0.47 to 1.10) and identical median RCS-E scores at T1 and T2, Total, Care/Risk and 
Therapy mean scores were statistically lower at T2. Wilcoxon Signed Ranks tests revealed 
that a greater number of patients were given lower Total ratings at T2 for Total compared to 
an increase or no change in scores (Total: 52% vs. 14.7% vs 33.3%). A greater number of 
participants scores also remained unchanged at T2 on the Care/Risk subscale (56.8% vs. 
36.3% reduction vs. 6.9% increase); and the significance of the ‘Therapy’ subscale score 
appears to be due to the equally high proportion of participants receiving a lower rating and 
those whose rating did not change (45.1% vs. 45.1% vs. 9.8% increase). No other statically 
significant T1 versus T2 differences were found, and only the Therapy subscale attained the 
medium threshold corresponding to meaningful and practical change (Table 5).  
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With the exception of Equipment, no significant correlations were found between the RSC-E 
and MPAI-4 total or subscale scores. Additionally, apart from trivial correlations between 
SASNOS Total, RSC-E Equipment and Therapy items, correlations with FIM+FAM (Total 
and EADL) and SASNOS ranged from small to large at T1. Four (Total, Care/Risk Nursing, 
Medical) of the six RCS-E items significantly correlated (large) with the SRS, and three 
small (Medical) to medium (Total, Nursing) significant correlations were also found with the 
HoNOS-ABI. A similar pattern of correlations was evident at T2, except that stronger 
correlations were found between the RCS-E, FIM+FAM, HoNOS-ABI and SRS (Table 8). 
 
<TABLE 8 ABOUT HERE> 
 
Supervision Rating Scale: Measures of central tendency decreased significantly from T1 to T2, 
suggesting a reduction in the level of supervision required. Most participants were assigned a 
lower ranking at T2 (69%) rather than the same (26.8%) or a higher ranking (4.2%). In 
addition, a medium ES was found, suggesting that the statistical significance attained also 
had practical significance (Table 5). 
 
At T1, SRS significantly correlated with all other outcome measures except the MPAI-4.  In 
contrast, all correlations were significant at T2 (Table 9). 
 
<TABLE 9 ABOUT HERE> 
 
Responsiveness of Outcome Measures with a Reference Group 
Discriminating participants into different groups (e.g. least/most likely to change/respond to 
rehabilitation) is widely reported in the literature and potentially enhances responsiveness by 
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targeting participants in which change is expected (Alderman et al. 2017; Rai, Yazdany, 
Fortin, & Aviña-Zubieta, 2015; Walters & Brazier, 2003). Discerning between participants in 
this way is usually achieved by means of a reference group, typically comprising of healthy 
individuals drawn from the general population or clinical participants who are stable or 
otherwise not expected to change. Therefore, given the availability of reference group data 
for both the SASNOS and MPAI-4, the responsiveness of these two measures was examined 
further.  
 
SASNOS: The SASNOS was specifically designed to measure symptoms of NBD, and in 
turn, response to NbR. However, in our sample of NbR participants, Total SASNOS scores 
only demonstrated a small ES. In addition, even though cognitive impairment, difficulties 
with interpersonal function, deficits of communication, inhibition and aggression are all 
frequent legacies of ABI, responsiveness indices varied substantially across the 
corresponding SASNOS domains (Table 2).  
 
Similar findings were reported by Alderman et al. (2017), who highlighted that assessments 
made at T1 are not necessarily undertaken at the point of admission and that different 
characteristics of NBD are likely to respond to rehabilitation at different stages of 
participation. Indeed, evidence suggests that aggression and very challenging behaviours are 
most amenable to change in the early phases of rehabilitation. Consequently, by the time that 
T1 and T2 assessments were completed in the current study, some symptoms may have 
already responded to NbR to the point that further change would be unlikely. Additionally, 
given the non-homogeneous nature of ABI, some symptoms of NBD are more endemic than 
others (i.e. not everybody in an NbR programme will have been admitted because of 
aggression or lack of inhibitory control). Consequently, this might help explain why change 
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in scores on the SASNOS Inhibition and Aggression domains in the current study only 
corresponded to a small or trivial ES, respectively.  
 
To overcome such difficulties, Alderman et al. (2017) discriminated between participants 
“most likely to change” (T1 T-score < 40; one SD or more below the mean for neurologically 
healthy controls) versus those “least likely to change” (T1 T-score ≥ 40), finding higher effect 
sizes for four of the six SASNOS scores in the group “expected to change” compared to 
values obtained from the whole sample. This method was also applied here, with 
responsiveness recalculated for four of the five SASNOS domains (N.B. Communication was 
not reinvestigated as only one case scored < 40 at T1).  
 
Results from this analysis (see Table 10) revealed statistically significant T1-T2 differences 
across all SASNOS domains in the group “most likely to change”, with higher scores at T2 
suggesting a reduction in NBD symptoms. Indeed, mean scores for Inhibition and Aggression 
fell within the expected range for neurological healthy controls at T2 (Alderman et al., 2011), 
suggesting real improvement following NbR. ES remained unchanged for Cognition (large) 
but increased from small to large for Total (.51 vs. 1.10), medium to large for Interpersonal 
Relatonships (.64 vs. .73), and trivial to large for both Aggression (.19 vs. 1.01) and 
Inhibition (.28 vs. .67). Therefore, participants in the “most likely to change” group who 
demonstrated significant NbR symptoms at T1 showed real improvement at T2.  
  
In contrast, mean scores changed very little from T1 to T2 in participants categorised as “least 
likely to change”, and even though the Interpersonal Relationships domain met the medium 
threshold (SRM = .61) to indicate meaningful change, this was still lower than observed in 
the “most likely to change to change” group.   
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<TABLE 10 ABOUT HERE> 
MPAI-4: A similar approach was employed with the MPAI-4. However, as scores on this 
measure are standardised against two samples (“Mayo’” and “National”; Malec & Lezak, 
2008) comprised of people with ABI in rehabilitation programmes rather than a neurological 
healthy reference group, no clear criteria for discriminating those “most/least likely to 
change” from T1 to T2 was available. Instead, cut-offs were aligned with the descriptive 
categories for MPAI-4 T-scores. Scores <30 are associated with “relatively good outcomes” 
and arguably, less potential for further rehabilitative gains. However, only one participant in 
the current sample had a T1 score <30. Consequently, the following cut-offs were used 
instead: (1) “least likely to change” (T1 T-score < 50; mild-moderate limitations), and (2) 
“most likely to change” (T1 T-score > 50; moderate-severe limitations).   
 
Mean MPAI-4 scores were significantly lower at T2, suggesting a reduction in disability 
across both groups (see Table 11). Within group adjusted SRMs were also generally higher 
than those observed for the whole sample combined, although the magnitude of ES remained 
unchanged in the “least likely to change” group. In contrast, in the group considered “most 
likely to change”, ES improved from medium to large for Total (.56 vs. .85), Adjustment (.51 
vs. .76), and Participation (.67 vs. .88), and from small to medium for Ability (.38 vs. .73).   
 
<TABLE 11 ABOUT HERE> 
 
Predictive validity of measures of case complexity, needs and supervision 
All four outcome measures demonstrated some degree of responsiveness, with improved 
scores at T2 suggesting positive and meaningful response to NbR. However, a commensurate 
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reduction in case complexity was inconsistently observed across the SRS and RCS-E. 
Namely, even though participants were rated as requiring less support on the SRS at T2 
(medium ES), findings on the RCS-E were generally inconsistent with the various 
improvements evidenced across the four outcome measures. Consequently, the extent to 
which the RCS-E and SRS are able to predict response to NbR, as captured by change in 
status on reassessment across the four outcome measures was explored further.  
 
First, we examined whether there was a commensurate reduction in scores on the SRS and 
RCS-E for participants classed as having made improvements from T1 to T2 on each outcome 
measure. To enable this, progress made on each outcome measure by individual participants 
was categorised using the criteria used by Eisen, Ranganathan, Seal, and Spiro (2007) and 
Alderman et al. (2017). Individual SRM’s were calculated for each participant and compared 
on each measure to the minimum threshold (Eisen et al. 2007) corresponding to a medium ES 
(medium ES cut-off determined using the additional calculation that takes into account the 
size of the T1-T2 correlation advocated by Middel and van Sonderen, 2002).  Individuals 
attaining or exceeding the minimum threshold were classed as “improved”, with remaining 
participants classified as “same/declined”. To reduce likelihood of type 1 error, only Total 
scores for each outcome measure were used. This method was also applied to those 
participants previously categorised as most likely to improve on the SASNOS and MPAI-4, 
where availability of reference group data made it possible to further refine responsiveness on 
these measures (Table 12). 
 
<TABLE 12 ABOUT HERE> 
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The proportion of participants categorised as “improved” at T2 varied from 29.4% to 48.3%, 
with this proportion increasing further for the SASNOS (74.1%) and MPAI-4 (65.7%) when 
only participants “expected to change” were considered. On the basis that participants 
categorised as “improved” should evidence a concurrent decrease in rehabilitation complexity 
and supervision needs, we expected this group to demonstrate a greater reduction in SRS and 
RCS-E scores than those categorised as “same/declined”. Consistent with this, mean T2-T1 
difference scores for the SRS differed significantly between the “improved” 
and  “same/declined” groups as determined by the MPAI-4 (mean difference = 3.13, t (61) = 
4.581, p < .001) and SASNOS (mean difference = 1.43, t (54) = 1.790, p = .040). In addition, 
significant within group differences were evident on the SRS for participants categorised as 
“most expected to change” from assessment at T1 on the MPAI-4 (mean difference = 2.23, t 
(31) = 2.848, p = .004 and SASNOS (mean difference = 1.74, t (24) = 1.883, p = .036). In 
both instances, those categorised as either “improved” or “expected to change” evidenced a 
greater concurrent decrease in supervision needs. In contrast, T2-T1 change scores on the 
RCS-E did not differ across either of these grouping variables, suggesting no concurrent 
decrease in rehabilitation complexity in the group evidencing meaningful change from T1-T2 
on the MPAI-4 and SASNOS.  
 
Next, we employed ROC analysis to determine whether change in ratings on the SRS and 
RCS-E could successfully predict the likelihood of being improved on each of the four 
outcome measures at T2 (Table 13). The non-parametric ROC method was used to calculate 
AUC, and in each analysis, the outcome variable was the dichotomous variable categorising 
participants as either “improved” versus “same/declined”, and the predictor variable was the 
difference score on the SRS and the RCS-E from T2-T1. Regarding the SRS, the magnitude of 
the difference score was found to be “fairly’ predictive of improvement on the MPAI-4 when 
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all cases were considered and for the subgroup classed as being “most expected to change” at 
T1. However, the SRS difference score did not attain the minimum AUC for any of the other 
outcome measure, including the subgroup “most expected to change” at T1 on the SASNOS. 
Likewise, the RCS-E difference score was not found to be predictive of improvement on any 
of the four outcome measures. 
 
<TABLE 13 ABOUT HERE> 
 
Finally, stepwise regression analysis was undertaken to determine whether SRS and RCS-E 
scores could predict MPAI-4 and SASNOS difference scores. There was a large correlation 
between MPAI-4 difference scores and the SRS (.67), but not RCS-E (.11) in the whole 
sample combined. In line with this, stepwise regression analysis retained the SRS but not 
RCS-E. The model was statistically significant (F (1,42) = 33.78, p < .001), accounting for 
approximately 45% of the variance of the change in scores observed between T1 and T2 on the 
MPAI-4 (R2 = .446, Adjusted R2 = .433). In the subgroup “most expected to change”, there 
was a large correlation between the SRS and MPAI-4 difference scores (.58), but only a 
trivial one between RCS-E and MPAI-4 (-.07). Stepwise regression retained the rejected 
RCS-E (F (1,22) = 11.316, p = .003), with the model accounting for approximately 34% of 
the variance (R2 = .340, Adjusted R2 = .310). With regard to the SASNOS, difference score 
correlations with SRS (.04) and RCS-E (.11) were trivial in the whole sample combined, and 
both predictor variables were removed in the first step. A similar finding was made when the 
subgroup “most expected to change” were considered separately, with very low correlations 
evident between SASNOS with SRS (.16) and RCS-E (-.07), with neither of them passing 
step one of the regression analysis. 
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Discussion 
Determining outcomes from NbR fulfils a number of key objectives for a range of 
stakeholders; with results holding potential consequences for people needing these services, 
including programme sustainability through funding and financing. Therefore, in any 
evaluation, it is imperative that services utilise a basket of outcome and other measures that 
are reliable and valid in the context of NbR, are appropriate for the population, its needs, and 
the purported aims of the service. However, tension can arise when services are compelled by 
external agencies, such as UKROC, to measure efficacy via outcome measures that 
potentially lack relevance. Consequently, the overarching goal of this study was to explore 
what measures could most usefully help enable transparency for NbR services, and to 
determine the extent that measures used in neurorehabilitation services organised and 
delivered using a medical model can be usefully employed in services underpinned by a 
neuropsychological approach to rehabilitation.  
 
Validity and responsiveness of outcome measures routinely used within NbR  
The first major aim of the study was to examine whether four outcome measures routinely 
used in NbR have the statistical properties to effectively measure expected change in 
symptoms of NBD over time. The four outcome measures examined here contained items 
representing the range of physical, cognitive, emotional, behavioural and social problems 
associated with ABI (FIM+FAM, MPAI-4), neuropsychiatric outcome (HoNOS-ABI), as well 
as NBD symptoms and associated social handicap (SASNOS). Satisfactory levels of 
convergent validity were found, with medium to large significant correlations observed 
between measures at T1 (.47 to .65) and T2 (.49 to .77). Evidence of divergent validity was 
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also apparent when various subscales measuring specific areas of outcome were compared 
across measures. For example, there were trivial correlations between SASNOS Inhibition 
and FIM+FAM Motor scores at T1 (.14), and between SASNOS Communication and 
FIM+FAM Motor scores at T2 (-.09).   
 
Additionally, all four outcome measures evidenced some degree of responsiveness. First, 
large statistically significant differences were found for 16 of the 17 comparisons made using 
the four outcome measures, with only the Aggression domain of the SASNOS failing to 
achieve statistical significance. However, methods examining statistically significant change 
from T1 to T2 are arguably of limited value, as relatively small differences between means can 
result in very high significance levels. In addition, statistically significant changes from T1 to 
T2 reveals very little about the magnitude of change on an individual level, and thus, do not 
help services to demonstrate effectiveness.  
 
Second, we also employed a measure of ES, applicable here as it articulates the size of any 
differences between scores within a measure evident on reassessment, enabling comparison 
of its relative ability to detect change as a consequence of NbR. Specifically, attainment of a 
medium or higher ES reflects a clinically significant change that is meaningful and of 
practical benefit. Applying this method to the four measures was instructive, as despite highly 
significant T1 to T2 differences; a medium or higher ES was only found for eight of the 17 
comparisons. Further examination revealed that all four measures proved to be responsive in 
tracking response to NbR, although this varied substantially in the three outcome measures 
containing various subscales. The HoNOS-ABI has only one score which attained a medium 
ES. In contrast, only three of the four scores from the MPAI-4, and only the Cognitive and 
EADL subscales from the FIM+FAM, attained the minimum medium threshold to indicate 
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meaningful change. Although, the degree of change observed on individual subscales may 
naturally vary depending on the focus of NbR programmes. However, perhaps the most 
surprising finding was that four of the six comparisons on the SASNOS did not attain a 
medium ES, even though this scale was conceptualised and designed specifically to measure 
NBD with the intention of tracking response to NbR.  
 
Benefits of Using Measures Which Have a Reference Group 
A potential limitation associated with pooling data collected on an outcome measure for 
comparative purposes is the inclusion of ratings for participants who are not experiencing 
difficulties. Multiple outcomes are associated with ABI, with survivors constituting a 
complex, non-homogenous population. Thus, it should not be assumed that all rehabilitation 
participants present with all potential consequences, including symptoms of NBD. Consistent 
with this, Alderman et al. (2018) previously described ten unique combinations of SASNOS 
domain profile scores, confirming that not all participants in NbR have uniform difficulties. 
For instance, 66% had a profile characterised by difficulties with ‘Interpersonal 
Relationships’ and ‘Cognition’, whilst only 2% were rated as having problems across all five 
SASNOS domains. 
 
In the case of SASNOS, the ability to identify symptoms that are problematic is possible by 
the availability of data from a neurologically healthy reference group. As is the case with 
cognitive function, the frequency and severity of NBD symptoms falls on a continuum and 
using a reference group to establish cut-offs is particularly valuable. Alderman et al. (2017) 
previously noted that the responsiveness of the SASNOS was poor, but argued that only 
assessments where T1 scores fell below the normal range for the reference group should be 
included when determining responsiveness. This is because participants with scores in the 
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normal range may have already responded positively to NbR at T1, or may simply not have 
been experiencing difficulties in a particular domain as a consequence of ABI in the first 
place. However, it should be noted that the current study is not an investigation of the 
effectiveness of NbR per se, but an exploration of measures that may be appropriate to inform 
such an ambition. The former may be investigated by comparison of T1 scores taken shortly 
after admission to a programme, with T2 collected at discharge. In contrast, scores collected 
in this study were sampled at various times during admission. Nevertheless, when specifically 
considering participants “most likely to change” at T1, responsiveness indices for the 
SASNOS improved, with ES estimates increasing to medium or large. In contrast, 
meaningful change was only attained for the SASNOS Interpersonal Relationships domain 
amongst the group “least expected to change”. This likely reflects gains from the strong 
positive therapeutic climate in NbR, where continued exposure to rich and affirmative 
environments may further benefit social functioning and relationships, even if these are 
compatible with the expected normal range when first assessed. 
 
Reference group data is also available for the MPAI-4, which is drawn from two samples of 
people with ABI participating in post-acute rehabilitation. However, the description of these 
samples lack detail, rendering difficulties with benchmarking compatibility of programmes 
and participants with those in this study. Consequently, determining a threshold for the 
MPAI-4 scores in order to establish when assessments of Ability, Adjustment and 
Participation reflect scores that might be expected in the neurologically healthy population 
was not possible. Instead, participants assessed as having “moderate–moderate-to-severe” 
limitations (T1 T-score > 50) were categorised as those “most likely to change”, with those 
with “mild–mild-to-moderate limitations” (T1 T-score < 50) categorised as those “least likely 
to change”.  The extent of the T1-T2 difference between scores confirmed this was the case, as 
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whilst three of four MPAI-4 scores met the minimum medium ES threshold when 
assessments from the whole sample were considered; all four met or exceeded the minimum 
threshold when examined in the group deemed “most likely to change”. The MPAI-4 also 
demonstrated responsiveness in the “least likely to change” group, but ES levels were 
comparable to those obtained for the whole sample and smaller than those obtained in the 
group “most likely to change”.   
  
To conclude, participants categorised as the “most likely to change” at T1 evidenced larger 
gains, with ES exceeding the threshold for meaningful change on both the SASNOS and 
MPAI-4. Appraisal of the responsiveness indices for those “least likely to change” is also 
interesting, as difference scores for only one of five SASNOS comparisons was indicative of 
meaningful change, whereas three of the four MPAI-4 comparisons reflected this. The greater 
specificity regarding expectations about responsiveness from the SASNOS reflects the clarity 
obtained from having a reference group comprised of neurologically healthy controls as 
opposed to other people with ABI for the MPAI-4. 
 
Recommendations Regarding Outcome Measures for NbR Services  
All four outcome measures examined in this study demonstrated responsiveness and are 
capable of capturing individual change through a reduction in impairment and increase in 
autonomy. Thus, all could be usefully employed in the context of NbR. However, even 
though all four measures overlap in what they measure, there are important differences 
between them that need to be considered by potential users. In addition, personal preferences 
will further influence choice.   
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For example, some measures include multiple subscales enabling a more detailed overview of 
outcomes arising from ABI, or a more comprehensive investigation of a specific area of 
interest. In contrast, HoNOS-ABI has a single output which may be particularly useful in a 
screening context where primary interest is in neuropsychiatric outcome, such as in a secure 
or forensic ABI rehabilitation service, or when time-constraints necessitate rapid assessment. 
That said, reviewing scores from individual items may also provide important clinical 
information, although the psychometric properties of these are less known and are likely to be 
weaker than those for the whole scale. In comparison, the other three outcome measures all 
have subscale/domain scores, enabling a profile of strengths and challenges to be created to 
inform assessment, goal setting and response to NbR. For example, the FIM+FAM considers 
multiple outcomes from ABI and is useful for demonstrating gains in function, skills and 
abilities, after any constraints to rehabilitation incurred from NBD have been removed. The 
MPAI-4 has a similar usage, but is articulated in a different way. Rather than measuring 
abilities and limitations with reference to particular areas of outcome, MPAI-4 reflects the 
overall impact of ABI impairments on adjustment and function. In contrast, SASNOS enables 
assessment of a single outcome from ABI, that of NBD. However, and unlike HoNOS-ABI, 
its greater number and range of items facilitates exploration of five domains and 13 
subdomains of NBD, enabling very detailed investigation of a heterogeneous, multifaceted 
syndrome. Therefore, when NBD is the principal obstacle to engagement, a comprehensive 
examination of one area of interest potentially has greater value for assessment and planning 
in rehabilitation.  
 
In relation to statistical investigations of responsiveness, availability of reference groups 
resulted in SASNOS and MPAI-4 demonstrating the greatest evidence of responsiveness and 
also the highest proportion of participants assessed as achieving meaningful change (74.1% 
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and 65.7% respectively). Although, availability of a neurologically healthy reference group 
for the SASNOS was particularly advantageous, especially for highlighting potential 
rehabilitation goals and transparency regarding interpretation of change scores. Of course, no 
measures are mutually exclusive, and two or more could populate a service basket.  
 
Additional desirable characteristics which may further help guide choice and also assist in the 
development of new instruments include: (1) freely available in the public domain; (2) 
routinely used in NbR and standardised across services; (3) conceived for measuring change 
in symptoms and social handicap in people with ABI, and anchored to an appropriate 
underlying theoretical framework; (4) evidence of robust psychometric properties; (5) 
capable of detecting change in symptoms of NBD/reduction of social handicap when used in 
NbR; (6) known range of responsiveness indices to facilitate interpretation of group and 
individual level differences in scores on repeated assessment; (7) meaningful scores which 
are easy to understand; (8) availability of data from a reference group to enable 
discrimination between normal and abnormal assessments; (9) outputs capable of assisting 
with goal planning, and (10) availability of proxy- and self-completion versions.  
 
Predictive validity of measures of rehabilitation complexity 
The second substantive aim of the study was to determine the extent that change in ratings on 
two measures of rehabilitation complexity on reassessment predict progress made in NbR as 
determined by the extent of T1-T2 change in scores on the four outcome measures explored 
here. This was primarily undertaken as the UKROC initiative uses measures of rehabilitation 
complexity to categorise individual services according to the complexity of cases they admit, 
with subsequent impacts on the access to and sustainability of these services. However, and 
similar to outcome measures included in the UKROC database, the instruments used to 
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determine complexity status were not created specifically for NbR despite the potential 
importance of results obtained. 
  
We expected that improvements in autonomy, as captured by T1-T2 differences obtained on 
the four outcome measures, would be paralleled by concurrent reductions in rehabilitation 
complexity as captured by the SRS and RCS-E. However, evidence for this was relatively 
weak. Indeed, even though responsiveness indices for the SRS suggested that participants 
required less supervision at T2,  only a reduction in Therapy scores was found on the RCS-E; 
a measure of complexity employed by UKROC. Between groups comparisons for 
participants categorised as either “improved”, based on their individual SRMs, or as “most 
expected to change”, based on scores at T1, suggested that they needed less supervision (SRS) 
compared to participants categorised as “same/declined” or “least likely to change”. In 
contrast, RCS-E scores did not differ across these groups.  
 
The extent to which change in ratings on the measures of rehabilitation complexity predicted 
individual change in scores on the outcome measures also proved variable. T1-T2 SRS 
difference scores were predictive of participants who “improved” on the MPAI-4, but RCS-E 
T1-T2 difference scores did not discriminate between “improved” and “same/declined” 
individuals on any of the four outcome measures. Prediction models using both the SRS and 
RCS-E further confirmed these findings. A reduction in SRS scores was only predictive of 
improvement as captured by decreased MPAI-4 scores, and the RCS-E did not contribute 
significantly to any of the prediction models. 
 
Whilst the current findings are informative, they also prompt further questions. Reduction in 
supervision was predictive of a decline in levels of impairment and disability as measured by 
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the MPAI-4. However, some items contributing to these subscales are not exclusively 
concerned with symptoms of NBD (e.g. Use of Hands, Transportation, and Mobility). 
Therefore, and given that the SRS did not predict specific reduction in symptoms on the 
SASNOS, then its predictive success is potentially attributable to improvement in other 
aspects of outcome that are captured on the MPAI-4. Even so, this is undermined by the 
finding that change in SRS status was not predictive of differences between scores on 
reassessment on the FIM+FAM and HoNOS-ABI either, which are also not explicitly 
concerned with NBD. A further explanation is that SRS ratings are made on the basis of the 
level of supervision received at the time of assessment, rather than what is actually required 
(Boake, 1996, p. 766). In NbR services, supervision is embedded in the environment. For 
instance, an SRS rating of 11 reflects that “…the (participant) lives in a setting in which the 
exits are physically controlled by others (for example, a locked ward)”. This form of 
environmental supervision is characteristic of many NbR units regardless of whether the 
individual rehabilitation participant requires this or not, especially in services that lack a 
graded care pathway. Therefore, it may have been that some participants in the current 
sample had made sufficient improvement at T2 to enable a move from a locked environment, 
but at the time of the assessment, this was not yet available. An additional point is that the 
SRS does not include an item to provide an indication of the level of security required, and 
that some participants in NbR environments may be accommodated within low- or medium-
secure services. However, as ratings are made on the basis of what supervision was given at 
the time of assessment rather than predicted levels of supervision required (Boake, 1996, p. 
766), scores may overestimate the level of supervision actually required as a consequence of 
improvement due to NbR; these gains in autonomy were correctly reflected in the outcome 
measures but less well on the SRS. Clearly, rating what supervision is needed rather than 
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what was available in the environment will weaken the predictive ability of the measure and 
may account for the variable results found here. 
 
In contrast, total RCS-E scores had poor predictive power for all four outcome measures. One 
possible explanation for these findings is that the RCS-E was designed to be utilised in 
medically organised services, whereas NbR services differ from medical rehabilitation 
models in several important ways (Worthington, Wood, & McMillan, 2017). For example, 
the “skilled nursing needs” item is rated on a 5-point scale to reflect the level of intervention 
required. Whilst this is appropriate for other neurorehabilitation settings, in NbR qualified 
nurses are embedded in the TDT and are omnipresent. This characteristic may be reflected in 
ratings of four (“requires… very frequent monitoring / intervention by a qualified nurse”) and 
three (“requires… behavioural management”). Further, capacity to manage challenging 
behaviour is a key characteristic of NbR services and qualified nurses, along with all other 
members of the TDT, are responsible for delivering prescribed psychological interventions to 
achieve this. Consequently, this may further help to explain the lack of T1-T2 differences on 
the RCS-E which was apparent on the four outcome measures. Even so, our findings 
ultimately question the validity of using instruments to measure case complexity in NbR that 
were not conceived specifically for that purpose or fail to reflect the special characteristics of 
such services. Taken together, these findings highlight significant need for the development 
of specific measures for use in this context. For example, a measure will need to take into 
account and capture how members of the various professions share roles and cross discipline 
boundaries to pool and integrate expertise and skills to enable maximum efficiency in 
assessment and intervention; and reflect “role release”, the extent where intervention 
strategies are carried out by any team member, under the supervision and support of team 
members whose disciplines are accountable for those practices. Simply recording hours of 
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face-to-face contact would be inadequate, and a measure will additionally need to capture the 
extent of consultation and direction given to the wider team by individual professionals. 
 
In the meantime, two potential measures that capture aspects of rehabilitation complexity 
specific to NbR could be considered. The first is the Neurobehavioural Expectations Scale 
(NES; Swan & Alderman, 2004), which attempts to quantify the therapeutic load placed on 
individual rehabilitation participants through a single score derived from consideration of a 
number of items inherent to NbR (e.g. number of behavioural interventions received, items 
reflecting the extent of how much of the day conforms to a structure to facilitate learning and 
practice of social routines and functional skills). The second is the supplementary scoring 
system recently developed for the SASNOS (Alderman et al., 2018), where all 49 items are 
assigned a 3-point dependency rating to recalibrate standardised SASNOS scores to reflect 
the amount of support received, and by implication, how complex they are. These weighted 
scores are especially helpful in the case of rehabilitation participants whose standardised 
scores suggest NBD symptoms are in the normal range for the neurologically healthy 
population, and as a result, may be considered ready for discharge. However, if the lack of 
symptoms is a function of high levels of support received, then clearly this needs to be 
considered; in these cases the recalibrated scores are much lower and give some indication of 
the likely levels of NBD symptomatology should support be removed. 
 
Study limitations 
The study is not without limitations. First, retrospective data was drawn from a sample of 
convenience, resulting in inconsistency concerning when T1 assessments were completed and 
varying length of time between T1 and T2 assessments. Consequently, exposure to NbR would 
have varied across participants, with consequent impacts on ratings across the various 
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outcome measures unknown. For example, we previously highlighted how the SASNOS 
Aggression domain may have lacked responsiveness when examined in the whole sample 
because NbR may have already effectively targeted this area of outcome. A further example 
is the Communication domain of the SASNOS, where only one case at T1 fell outside the 
normal range for neurologically healthy controls. Ideally, assessments would have been 
completed across all participating services on admission and at standard intervals thereafter to 
control for confounding effects associated with data being collected at different time points.  
Second, as this study considered data that had been collected through routine clinical work, 
not all services included all of the outcome measures of interest in their basket of outcome 
tools. Going forward, a prospective study would overcome any threat to validity arising from 
such limitations. 
 
Conclusions 
In conclusion, outcome measures not specifically designed for use in NbR demonstrated 
responsiveness to change in scores at two assessment points, suggesting that they provide a 
meaningful benchmark to assess response to rehabilitation, at both individual and service 
level. However, the availability of reference group data for some measures to enable 
discrimination between normal and abnormal assessments proved advantageous. However, 
even though responsiveness is an essential criterion for the within group, repeated measures 
context in rehabilitation, the choice over which measures to utilise is ultimately dependent on 
a range of factors (e.g. focus of assessment, needs, personal preference). This study also 
demonstrated how applying measures of rehabilitation complexity not designed specifically 
for use in NbR (i.e. RCS-E) is less than ideal, and highlighted how existing instruments 
intended for this purpose should be utilised, and further new measures developed. 
Importantly, the inclusion of these measures in the UKROC basket would increase the 
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validity of the results submitted by NbR services, and in turn, reduce risks associated with 
continuing with the current strategy. Finally, in addition to the issues pertaining to UKROC 
in the UK, the findings and implications of this study have wider relevance regarding 
outcome measurement in NbR and specialist services broadly, regardless of the country this 
is undertaken and the prevailing commissioning requirements.   
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Table 1. Acquired brain injury diagnosis frequencies. 
Diagnosis   Frequency (N) % 
TBI 55 44.7 
CVA  25 20.3 
 Infarct 4 3.3 
 Haemorrhagic Stroke 7 5.7 
 Sub-arachnoid 
haemorrhage 
3 2.4 
 Other Stroke 11 8.9 
Anoxia 
Inflammation 
Intoxication 
Other 
Missing 
10 8.1 
11 8.9 
4 3.3 
13 10.6 
5 4.1 
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Table 2. Statistically significant differences between MPAI-4 and SASNOS scores and 
magnitude of effect size achieved at first and second assessment. 
 
 T1 T2      
 
Mean 
(SD) 
Mean 
(SD) 
t p 
rT1-
T2 
SRMa 
MPAI-4 
Total 
 
50.02 
(9.29) 
 
44.98 
(10.74) 
 
4.51 
 
<.001 
 
.60 
 
.56 
 
medium 
Ability 49.03 
(10.12) 
46.01 
(10.78) 
3.19 .002 .67 .38 small 
Adjustment 50.34 
(8.47) 
45.74 
(9.05) 
4.30 <.001 .48 .51 medium 
Participation 55.68 
(11.10) 
49.32 
(11.48) 
5.65 <.001 .64 .67 medium 
SASNOS 
Total 
 
40.02 
(13.82) 
 
45.72 
(11.39) 
 
3.89 
 
<.001 
 
.62 
 
.51 
 
small 
Interpersonal 
Relationships 
30.28 
(13.37) 
38.39 
(13.52) 
4.79 <.001 .56 .64 medium 
Cognition 21.40 
(13.24) 
32.09 
(12.98) 
8.52 <.001 .73 1.10 large 
Inhibition 54.53 
(10.93) 
57.24 
(8.79) 
2.16 .035 .51 .28 small 
Aggression 56.28 
(13.58) 
58.70 
(12.28) 
1.45 .154 .51 .19 trivial 
Communication 63.24 
(10.64) 
66.41 
(10.16) 
2.71 .009 .62 .35 small 
 
aEffect magnitude thresholds adjusted to take into account rT1-T2 strength using the Middel 
and van Sonderen (2002) solution. 
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Table 3. Correlations between the MPAI-4 total and subscales scores and the other measures 
at T1 (N = 64-94) and T2 (N = 32-42). 
MPAI-4 Total Abilities Adjustment Participation 
T1      
 FIM+FAM -.65** -.71** -.37** -.75** 
 FIM+FAM EADL -.51** -.60** -.22* -.70** 
 SASNOS -.47** -.32** -.50** -.48** 
 HoNOS ABI .54** .65** .46** .48** 
 SRS .13 .04 .17 .31** 
 RCS-E .15 .15 .04 .34** 
T2      
 FIM+FAM -.77** -.78** -.30 -.89** 
 FIM+FAM EADL -.68** -.67** -.20 -.76** 
 SASNOS -.51** -.40** -.47** -.49** 
 HoNOS ABI .62** .48** .58** .58** 
 SRS .58** .42** .50** .65** 
 RCS-E .44** .27* .36** .49** 
 
*p<.05; **p<.01 
 
 
  
50 
 
 
Table 4. Correlations between SASNOS and the other measures at T1 (N = 81-109) and T2 (N 
=35-66). 
 
SASNOS Total 
Interpers
onal 
Relations
hips 
Cognitio
n 
Inhibiti
on 
Aggressi
on 
Communicati
on 
T
1  
      
 FIM+FAM .50** .57** .52** .24* .34** -.15 
 FIM+FAM EADL .48** .59** .60** .23* .27* -.07 
 MPAI-4 -.47** -.48** -.42** -.32** -.28** .02 
 HoNOS ABI -.62** -.55** -.37** -.45** -.54** -.35** 
 SRS -.40** -.44** -.39** -.27** -.35** -.34** 
 RCS-E -.43** -.48** -.34** -.16 -.32** -.05 
T
2      
  
 FIM+FAM .56** .47** .62** .39* .30 .23 
 FIM+FAM EADL .35* .28 .56** .13 -.01 -.04 
 MPAI-4 -.51** -.40** -.55** -.44** -.31* -.21 
 HoNOS ABI -.49** -.46** -.38** -.32* -.38** -.23 
 SRS -.63** -.54** -.57** -.39** -.34** -.37** 
 RCS-E -.58** -.48** .46** -.39** -.47** -.33* 
 *p<.05; **p<.01 
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Table 5. Statistically significant differences between FIM+FAM, HoNOS-ABI, RCS-E and SRS scores and magnitude of effect size achieved at 
first and second assessment. 
 
 T1 T2 T1 T2      
 
Mean (SD) Mean (SD) Median 
(IQR) 
Median 
(IQR) 
Z p rT1-T2 SRMa 
FIM + FAM 
Total 
 
133.06 (41.42) 
 
151.79 (44.00) 
 
145.00 (61.25) 
 
170.00 (59.00) 
 
4.07 
 
<.001 
 
.75 
 
.66 
 
small 
Motor subscale 80.43 (18.43) 87.18 (30.48) 94.00 (52.50) 104.50 (34.50) 3.12 .002 .77 .32 small 
Cognitive subscale 48.40 (18.43) 61.65 (19.58) 47.00 (30.00) 63.50 (31.75) 4.74 <.001 .75 .98 medium 
EADL 11.92 (8.72) 17.25 (10.48) 8.00 (7.75) 18.50 (18.50) 3.69 <.001 .68 .68 Medium 
HoNOS-ABI Total 16.04 (6.47) 12.70 (6.31) 16.00 (9.5) 11.00 (8.00) 3.32 .001 .51 .53 medium 
RCS-E 
Total 
 
11.30 (4.20) 
 
10.20 (4.24) 
 
10.00 (8.00) 
 
10.00 (7.50) 
 
4.16 
 
<.001 
 
.77 
 
.39 
 
small 
Care/Risk 2.34 (1.21) 1.87 (1.18) 2.00 (2.00) 2.00 (2.00) 4.20 <.001 .61 .44 small 
Nursing 1.53 (1.38) 1.61 (1.28) 1.50 (3.00) 1.50 (3.00) 0.84 .399 .79 .09 trivial 
Therapy 5.63 (1.12) 4.96 (1.46) 5.00 (2.00) 5.00 (2.00) 5.07 <.001 .62 .57 medium 
Medical 1.19 (1.24) 1.21 (1.25) 1.00 (3.00) 1.00 (3.00) 0.05 .960 .83 .01 trivial 
Equipment 0.61 (0.66) 0.63 (0.64) 1.00 (1.00) 1.00 (1.00) 0.40 .686 .72 .04 trivial 
SRS Total 8.90 (2.31) 6.46 (3.62) 8.00 (3.00) 7.00 (7.00) 5.83 <.001 .60 .84 medium 
 
aEffect magnitude thresholds adjusted to take into account rT1-T2 strength using the Middel and van Sonderen (2002) solution. 
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Table 6. Correlations between the FIM+FAM and the other measures at T1 (N = 78-114) and 
T2 (N = 37-72). 
 
FIM+FAM Total Motor subscale 
Cognitive 
subscale EADL 
T1      
 SASNOS .50** .38** .58** .48** 
 MPAI-4 -.65** -.60** -.49** -.51** 
 HoNOS ABI -.65** -.56** -.59** -.50** 
 SRS -.24* -.12 -.41** -.36** 
 RCS-E -.45** -.40** -.51** -.50** 
T2      
 SASNOS .56** .34* .64** .35* 
 MPAI-4 -.77** -.66** -.73** -.68** 
 HoNOS ABI -.68** -.51** -.71** -.58** 
 SRS -.63** -.39* -.76** -.45** 
 RCS-E -.63** -.53** -.67** -.48** 
 
*p<.05; **p<.01 
 
 
  
53 
 
 
Table 7. Correlations between HoNOS ABI and the other measures at T1 (N = 64-93) and T2 
(N = 32-61). 
 
HoNOS-ABI T1 T2 
 FIM+FAM     -.65** -.68** 
 FIM+FAM EADL -.50* -.58** 
 SASNOS -.62** -.49** 
 MPAI-4 .54** .62** 
 SRS .27* .53** 
 RCS-E .31** .53** 
   *p<.05; **p<.01 
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Table 8. Correlations between RCS-E and the other measures at T1 (N = 77-99) and T2 (N 
=32-95). 
 
RCS-E Total Care/Risk Nursing Therapy Medical Equipment 
T
1  
      
 FIM+FAM -.49** -.33** -.31** -.27* -.28* -.47** 
 FIM+FAM EADL -.50** -.37** -.35** -.38** -.41** -.32** 
 SASNOS -.43** -.40** -.48** -.16 -.33** -.06 
 MAPI-4 .15 .20 .07 -.07 -.04 -.44** 
 HoNOS ABI .31** .17 .39** .16 .25* .17 
 SRS .63** .63** .56** .44 .57** -.14 
T
2      
  
 FIM+FAM -.63** -.52** -.53** -.49** -.48** -.44** 
 FIM+FAM EADL -.48** -.54** .29 -.27 -.38* -.45** 
 SASNOS -.41** -.44** -.41** -.25* -.32** .07 
 MPAI-4 .03 .09 .01 -.06 -.12 .28** 
 HoNOS ABI .53** .51** .48** .27 .48** .36* 
 SRS .70** .67** .71** .40** .66** -.06 
 
*p<.05; **p<.01 
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Table 9. Correlations between SRS and the other measures at T1 (N = 47-62) and T2 (N = 35-
69). 
 
SRS T1 T2 
 FIM+FAM     -.31* -.63** 
 FIM+FAM EADL -.46** -.45** 
 SASNOS -.37** -.62** 
 MPAI-4 .20 .57** 
 HoNOS ABI .34** .52** 
 RCS-E .65** .68** 
*p<.05; **p<.01 
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Table 10. Recalculated responsiveness indices for SASNOS Total and domain scores for  
participants most expected to change (T1 score <40) versus those whose initial assessment 
scores suggested NbR symptoms were in the expected range for neurologically healthy 
controls (T1 score ≥40). 
 
 T1 T2      
SASNOS 
T1 <40 
Mean 
(SD) 
Mean 
(SD) t p rT1-T2 SRM
a 
Total 27.92 (8.58) 
38.67 
(9.76) 5.72 <.001 .44 1.10 large 
Interpersonal 
Relationships 
22.88 
(12.16) 
33.00 
(13.02) 4.89   <.001 .40 .73 large 
Cognition 18.62 (10.80) 
30.22 
(12.15) 8.77 <.001 .65 1.20 large 
Inhibition 31.00 (8.13) 
44.56 
(15.42) 1.65 .161 .41 .67 medium 
Aggression 32.27 (5.28) 
48.53 
(16.17) 3.21 .011 .19 1.01 large 
SASNOS 
T1 ≥40 
Mean 
(SD) 
Mean 
(SD) t p rT1-T2 SRM
a 
Total 50.51 (7.24) 
51.85 
(8.96) 0.69 .497 .17 .16 trivial 
Interpersonal 
relationships 
46.46 
(5.50) 
51.11 
(6.88) 2.28   .040 .38 .61 medium 
Cognition 46.01 (3.21) 
48.63 
(7.48) 1.25 .268 .83 .51 small 
Inhibition 57.08 (7.51) 
58.68 
(6.52) 1.54 .130 .43 .21 small 
Aggression 61.18 (8.54) 
60.78 
(10.35) 0.28 .784 .43 .04 trivial 
 
aEffect magnitude thresholds adjusted to take into account rT1-T2 strength using the Middel 
and van Sonderen (2002) solution. 
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Table 11. Recalculated responsiveness indices for MPAI-4 Total and subscale scores 
comparing participants the most severe impairments on initial assessment (T1 score ≥50) 
versus those rated with mild-medium impairments (T1 score <50) relative to other people 
with ABI. 
 
 T1 T2      
Score at 
T1 < 50 
Mean 
(SD) 
Mean 
(SD) t p rT1-T2 SRM
a 
Total 52.21 (7.42) 
46.71 
(9.67) 4.69 <.001 .48 .62 medium 
Ability 51.68 (8.40) 
47.72 
(9.83) 3.60   <.001 .57 .47 small 
Adjustment 52.48 (6.75) 
46.80 
(8.47) 5.42 <.001 .44 .69 medium 
Participation 57.15 (10.02) 
50.34 
(11.24) 5.73 <.001 .59 .70 medium 
Score at 
T1 ≥ 50 
Mean 
(SD) 
Mean 
(SD) t p rT1-T2 SRM
a 
Total 56.89 (5.57) 
50.11 
(8.15) 5.01 <.001 .34 .85 large 
Ability 57.68 (5.86) 
51.53 
(8.91) 4.27  <.001 .41 .73 medium 
Adjustment 55.79 (5.31) 
49.38 
(7.87) 4.93 <.001 .23 .76 large 
Participation 61.96 (8.35) 
53.26 
(11.38) 5.99 <.001 .54 .88 large 
 
aEffect magnitude thresholds adjusted to take into account rT1-T2 strength using the Middel 
and van Sonderen (2002) solution. 
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Table 12: Responsiveness indices, cut-off scores for “medium” improvement, and percent of 
individuals categorised as attaining a T1-T2 difference on the various outcome measures that 
is likely to be of practical significancea. 
 
Outcome 
measure SRM 
ES “medium” 
cut-offb 
% 
“improved” 
MPAI-4 .56 medium .56 39.4 
SASNOS .51 small .57 48.3 
FIM+FAM .66 small .79 29.4 
HoNOS-ABI .53 medium .51 44.0 
MPAI-4T1≥50 .85 large .45 65.7 
SASNOST1<40 1.10 large .47 74.1 
 
aIndividual SRM ≥ ES “medium” cut-off score. 
bEffect magnitude thresholds adjusted to take into account rT1-T2 strength using the Middel 
and van Sonderen (2002) solution. 
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Table 13: Predictive accuracy (Spearman’s ρ and AUC) of SRS and RCS-E with respect to 
the four outcome measures. 
 
   Likelihood of being “improved” 
  ρ AUC SE 95% CI 
SRST1-T2 DIFF     
 MPAI-4 .51   .791* .06 .67 - .91 
 FIM+FAM .05 .531 .11 .31 - .75 
 HoNOS-ABI .21 .622 .08 .47 - .78 
 SASNOS .21 .617 .08 .47 - .77 
      
 MPAI-4T1≥50 .35   .715* .09 .54 - .89 
 SASNOST1<40 .17 .605 .11 .38 - .83 
RCST1-T2 DIFF     
 MPAI-4 .05 .528 .09 .35 - .71 
 FIM+FAM .07 .544 .13 .29 - .80 
 HoNOS-ABI -.17 .405 .10 .21 - .60 
 SASNOS -.05 .474 .09 .29 - .66 
      
 MPAI-4T1≥50 .16 .588 .11 .36 - .81 
 SASNOST1<40 .05 .533 .13 .28 - .78 
 
*AUC .70 to .80 equates with “fair” predictive ability 
 
 
 
 
 
